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(54) MANUFACTURE OF SEMICONDUCTOR SUBSTRATE 

(57)Abstract: 

PURPOSE: To provide a method of manufacturing 
semiconductor substrate which can further improve flatness of 
a single semiconductor wafer or uniformity of thickness of a 
semiconductor layer having the thickness of several jam or 
thinner joined with a supporting substrate. 
CONSTITUTION: After a wet oxide film 14 is formed in the 
thickness of about l|am as a protection film on a grinding surface 
12 and a rear surface 13 of a silicon wafer 1 1 of ununiform 
thickness having TTV of 2 to 4|am, the polishing surface 12 
covered with the wet oxide film 14 is placed through close 
contactness on the flat surface 16 of a surface table 15 and the 
rear surface 13 of silicon wafer 1 1 is ground with a rotatable 
grind stone 17 to make flat the rear surface 13. Thereafter, the 
wet oxide film 14 on the grinding surface 12 is removed. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of a semiconductor substrate characterized by comprising the 
following. 

A process of carrying out mirror polishing of the 1st monotonous field that consists of semiconductors. 
A process of forming a wrap protective film for said 1 st monotonous field by which mirror polishing was 
carried out. 

A process of carrying out surface grinding of said 2nd monotonous field where said 1st monotonous field 

covered with said protective film is stuck to a flat face. 

A process of removing said protective film from said 1st monotonous field. 

[Claim 2]Said plate consists of silicon in a manufacturing method of the semiconductor substrate 
according to claim 1 . A manufacturing method of a semiconductor substrate being the process of 
forming a vapor-phase-epitaxy oxide film with vapor phase epitaxy on said dry oxidation film after a 
process of forming said protective film carries out dry oxidation of said 1st monotonous field and forms 
a dry oxidation film on said 1st monotonous field. 

[Claim 3]Said plate consists of silicon in a manufacturing method of the semiconductor substrate 
according to claim 1 . A manufacturing method of a semiconductor substrate being the process of 
carrying out dry oxidation and forming a dry oxidation film between said 1st monotonous field and said 
wet oxide film after a process of forming said protective film carries out wet oxidation of said 1 st 
monotonous field and forms a wet oxide film on said 1st monotonous field. 

[Claim 4]A manufacturing method of a semiconductor substrate, wherein temperature which carries out 
dry oxidation of said 1st monotonous field in a manufacturing method of the semiconductor substrate 
according to claim 2 or 3 is not less than 1000 **. 

[Claim 5]A manufacturing method of a semiconductor substrate with which said dry oxidation film 
formed on said 1st monotonous field in a manufacturing method of the semiconductor substrate 
according to claim 3 is characterized by having not less than 50-nm thickness. 

[Claim 6]A manufacturing method of the semiconductor substrate according to any one of claims 1 to 5 
characterized by comprising the following. 

A process of said plate consisting of silicon, oxidizing said 2nd monotonous field thermally at least 
following on a process of removing said protective film, and forming an oxidizing film. 
A process of removing said oxidizing film by etching. 

[Claim 7]A process of carrying out mirror polishing of the 1st field of a supporting board, and a process 
of carrying out surface grinding of the 2nd field of said supporting board where the 1st field of said 
supporting board by which mirror polishing was carried out is stuck to a flat face, A process of joining 
said plate and a supporting board where a process of carrying out mirror polishing of the 1 st 
monotonous field that consists of semiconductors, and said 1st monotonous field by which mirror 
polishing was carried out and the 1st field of said supporting board are stuck, A manufacturing method 
of a semiconductor substrate carrying out surface grinding of said 2nd monotonous field where the 2nd 
field of said said supporting board joined as it is monotonous is stuck to a flat face, and including a 
process of carrying out lamination of said plate. 

[Claim 8]In a manufacturing method of the semiconductor substrate according to claim 7, a process of 
joining said plate and a supporting board, A manufacturing method of a semiconductor substrate being 



the process of Joining said plate and said supporting board via said insulator layer after forming an 
insulator layer on the 1st [ of said supporting board ] field, or said 1st monotonous field. 
[Claim 9]A manufacturing method of a semiconductor substrate including a process of performing polish 
or etching to the 2nd field of said said supporting board joined as it is monotonous, in a manufacturing 
method of the semiconductor substrate according to claim 7 or 8. 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the manufacturing method of the semiconductor 
substrate which starts the manufacturing method of a semiconductor substrate, especially has advanced 
surface smoothness required for a high-density integrated circuit. The exposure device of high 
resolution is needed in connection with the pattern which constitutes an integrated circuit carrying out 
minuteness making. For this reason, the demand to the surface smoothness of a semiconductor 
substrate which it is not avoided that the depth of focus of an exposure device becomes shallow, but 
receives exposure as a result is severe. 

[0002] Reduction of the radiation-proof characteristic of a semiconductor device or parasitic 
capacitance, latchup prevention of the semiconductor device of CMOS structure, etc. are received, It is 
expected as a substrate which forms the semiconductor device whose semiconductor substrate of SOI 
(SiliconOn Insulator) structure is [ that it is effective and the future is high-density and ] highly 
efficient. The development is furthered as one of what [ the ] has the SOI substrate of the structure 
which pasted the silicon wafer of two sheets together via the insulating layer closest to utilization at 
present. In the SOI substrate by this lamination art, it is necessary to carry out lamination of one silicon 
wafer to a thickness of about several microns uniformly. 
[0003] 

[Description of the Prior Art]The conventional general making process of a silicon wafer is shown in 
dr aw ing 9. That is, after growing up the ingot of a silicon single crystal and rough-cutting this ingot to 
suitable length by the Czochralski method, that side is ground and it is processed cylindrical. After 
cutting this cylindrical ingot to a thin disk (slicing) and performing surrounding chamfering work 
(beveling) of this disk, the surface of said disk is wrapped and etched one by one. By this wrapping and 
etching, a silicon wafer is made thin to near the desired last thickness. Then, the surface which forms a 
semiconductor device is ground and mirror finish is performed. 

[0004]The difference TTV (Total Thickness Variation) of the maximum of thickness and the minimum by 
which mirror finish was carried out is about 2-4 micrometers. [ in / by the above-mentioned 
conventional process / a silicon wafer 6 inches in diameter ] 

[0005] 

[Problem(s) to be Solved by the Invention]this invention person has proposed the method of raising 
surface smoothness with the application of the surface grinding which uses a grinding stone instead of 
wrapping in the conventional process shown in drawin g 9, and etching (Japanese Patent Application No. 
02-129725, the application dated May 18 of Heisei 2 and Japanese Patent Application No. 02-23775, 
application dated September 7 of Heisei 2). It is possible to improve TTV in a silicon wafer 6 inches in 
diameter to about 1 micrometer by this method. 

[0006]However, it was not avoided by the polish for the mirror finish performed after surface grinding 
that display flatness deteriorates. In the SOI substrate based on lamination art, the influence of 
degradation of this display flatness is expanded more, and appears. This is for the thickness distribution 
of a SOI layer (silicon layer on an oxide film) to have direct influence on a device property in a SOI 
wafer. Namely, since the thickness distribution of the support side wafer (side which does not form a 
device) of a SOI wafer turns into thickness distribution of a SOI layer as it is in a SOI layer, For 
example, if there are 2 micrometers of TTV(s) of the support side wafer to the thickness of a SOI layer 
being about 2 micrometers, when a SOI wafer is produced, a field with a SOI layer and the field which is 



not will be made. 

[0007]Therefore, when it is required that the active layer by which lamination was uniformly carried out 
to desired thickness should be obtained, it has been a technical problem to obtain the still smaller wafer 
of TTV. Then, an object of this invention is to provide the manufacturing method of the semiconductor 
substrate which can be further improved in the homogeneity of several micrometers in thickness joined 
to the surface smoothness or the supporting board of the semiconductor wafer of the simple substance 
thru/or the thickness of the semiconductor layer not more than it. 
[0008] 

[Means for Solving the Problem]A process of carrying out mirror polishing of the 1 st monotonous field 
where the above-mentioned purpose consists of semiconductors, A process of forming a wrap 
protective film for said 1st monotonous field by which mirror polishing was carried out. It is attained by a 
manufacturing method of a semiconductor substrate including a process of carrying out surface grinding 
of said 2nd monotonous field where said 1 st monotonous field covered with said protective film is stuck 
to a flat face, and a process of removing said protective film from said 1st monotonous field. 
[0009]Said plate consists of silicon in a manufacturing method of the above-mentioned semiconductor 
substrate. After a process of forming said protective film carries out dry oxidation of said 1st 
monotonous field and forms a dry oxidation film on said 1st monotonous field, it is attained by a 
manufacturing method of a semiconductor substrate being the process of forming a vapor-phase- 
epitaxy oxide film with vapor phase epitaxy on said dry oxidation film. 

[OOlOjSaid plate consists of silicon in a manufacturing method of the above-mentioned semiconductor 
substrate, After a process of forming said protective film carries out wet oxidation of said 1st 
monotonous field and forms a wet oxide film on said 1st monotonous field. It is attained by a 
manufacturing method of a semiconductor substrate being the process of carrying out dry oxidation and 
forming a dry oxidation film between said 1st monotonous field and said wet oxide film. 
[001 1]In a manufacturing method of the above-mentioned semiconductor substrate, temperature which 
carries out dry oxidation of said 1st monotonous field is attained by a manufacturing method of a 
semiconductor substrate being not less than 1000 **. In a manufacturing method of the above- 
mentioned semiconductor substrate, said dry oxidation film formed on said 1st monotonous field is 
attained by a manufacturing method of a semiconductor substrate having not less than 50-nm 
thickness. 

[001 2]A process of said plate consisting of silicon, oxidizing said 2nd monotonous field thermally at least 
in a manufacturing method of the above-mentioned semiconductor substrate following on a process of 
removing said protective film, and forming an oxidizing film, It is attained by a manufacturing method of a 
semiconductor substrate including a process of removing said oxidizing film by etching. A process to 
which an aforementioned problem carries out mirror polishing of the 1st field of a supporting board and a 
process of carrying out surface grinding of the 2nd field of said supporting board where the 1st field of 
said supporting board where mirror polishing was carried out is stuck to a flat face. A process of joining 
said plate and a supporting board where a process of carrying out mirror polishing of the 1st 
monotonous field that consists of semiconductors, and said 1st monotonous field by which mirror 
polishing was carried out and the 1 st field of said supporting board are stuck. Where the 2nd field of said 
said supporting board joined as it is monotonous is stuck to a flat face, surface grinding of said 2nd 
monotonous field is carried out. and it is attained by a manufacturing method of a semiconductor 
substrate including a process of carrying out lamination of said plate. 

[001 3]A process of joining said plate and a supporting board in a manufacturing method of the above- 
mentioned semiconductor substrate, After forming an insulator layer on the 1st [ of said supporting 
board ] field, or said 1st monotonous field, it is attained by a manufacturing method of a semiconductor 
substrate being the process of joining said plate and said supporting board via said insulator layer. In a 
manufacturing method of the above-mentioned semiconductor substrate, it is attained by a 
manufacturing method of a semiconductor substrate including a process of performing polish or etching 
to the 2nd field of said said supporting board joined as it is monotonous. 
[0014] 

[Function]By covering the 1st monotonous field that consists of semiconductors and by which mirror- 
polishing finishing was carried out by a protective film, and carrying out surface grinding of the 2nd 
monotonous field, where this 1st field is stuck to a flat face like a surface plate. The non-surface 
smoothness produced by polish can be eliminated, and homogeneity high about a polished surface and a 
surface grinding face-to-face distance, i.e.. monotonous thickness, can be obtained. And if a protective 



film is removed, the polished surface which can form a semiconductor device will express. 
[0015]By forming a dry oxidation film in the monotonous 1st field side, and forming a protective film 
combining this dry oxidation film, a vapor^phase-epitaxy oxide film, or a wet oxide film, when a plate 
consists of silicon, Since unevenness in the surface of the polished surface which removes and 
expresses this protective film can be made small, the characteristic of the semiconductor device formed 
in this polished surface can be raised. 

[0016]After oxidizing the 2nd monotonous field thermally, the crystal defect and pollutant which were 
produced in the 2nd monotonous field with surface grinding are removable by carrying out etching 
removal of this oxide film. By carrying out surface grinding of the 2nd monotonous field, and carrying out 
lamination, after joining the 1st monotonous field that carried out mirror polishing to the polished surface 
of the supporting board which equalized thickness as mentioned above via an insulating layer. The high 
homogeneity about the monotonous thickness which is demanded in a lamination SOI substrate and by 
which lamination was carried out can be obtained. 

[0017]The crystal defect and pollutant which were produced in the 2nd field of the supporting board 
with surface grinding are removable by performing polish or etching to the 2nd field of the supporting 
board Joined as it is monotonous. 
[001 8] 

[Example]Hereafter, based on the example illustrating this invention, it explains concretely. Drawing 1 is 
process drawing for explaining the manufacturing method of the semiconductor substrate by the 1 st 
example of this invention. The silicon wafer 1 1 with a diameter of 6 inches produced by the conventional 
process shown in above-mentioned drawing 9 is shown in drawin g 1 (a). This silicon wafer 1 1 has the 
polished surface 12 and the rear face 13 by which mirror polishing was carried out, and that average 
thickness is about 655 micrometers larger about 30 micrometers than the usual thickness, and has the 
heterogeneity of thickness like a graphic display. However, since the rear face 13 to the polished 
surface 12 is typically drawn so that evenly, the heterogeneity of thickness has put together and 
appeared in the polished surface 12. TTV of the polished surface 12 at this time is 2-4 micrometers as 
mentioned above. 

[0019]Even if there are few these silicon wafers 11. a protective film is formed on the polished surface 
12. What is necessary is to heat-treat the silicon wafer 1 1 at the temperature of 1 100 ** for 4 hours in 
the atmosphere which contains a steam, for example, and just to perform formation of this protective 
film using the method of the common knowledge which forms an oxidizing film in that surface. In this 
case, as shown in drawing 1 (b), the wet oxide film 14 about 1 micrometer thick is generated all over 
including the polished surface 12 and the rear face 13 of the silicon wafer 1 1. A protective film may be 
formed by using the well-known CVD (chemical vapor deposition) method, and growing up a CVD oxide 
film on the polished surface 12 instead of using a thermal oxidation method. 

[0020]Subsequently, as shown in drawin g 1 (c), the polished surface 12 of the silicon wafer 11 covered 
with the wet oxide film 14 is stuck to the flat face 16 of the surface plate 15. What is necessary is just 
to perform this adhesion by the method of the common knowledge which carries out vacuum absorption 
through the breakthrough which is provided in the surface plate 1 5, and which is not illustrated. As for 
this, the polished surface 1 2 becomes flat, and it will be in the state where non-surface smoothness 
appeared in the rear face 13. Since the polished surface 12 is covered with the wet oxide film 14, 
generating of the defect by contact with the surface plate 15 is prevented. 

[0021]Then, surface grinding of the rear face 13 of the silicon wafer 11 is carried out with the emery 
wheel stone 1 7. After grinding it about 25 micrometers with the emery wheel stone whose particle size 
is No. 500, for example, if about 5 micrometers of this surface grinding is ground with the emery wheel 
stone whose particle size is No. 2000, it is efficient. Thus, as shown in drawin g 1 (d), flattening of the 
rear face 13 of the silicon wafer 11 is carried out, and the grinding side 13a by which flattening was 
carried out is expressed. 

[0022]Subsequently, after washing by immersing the silicon wafer 1 1 for about 10 minutes into the 
mixed water solution of NH^ OH (ammonium hydroxide) and H2O2 (hydrogen peroxide), The silicon wafer 

11 is immersed into 10%HF (fluoric acid) solution, and the wet oxide film 14 is removed. Thereby, as 
shown in drawing 1 (e), the polished surface 12 of the silicon wafer 1 1 is expressed. 
[0023]Next, the manufacturing method of the semiconductor substrate by the 2nd example of this 
invention is explained using process drawing shown in drawin g 2. The same numerals are given to the 
same component as the semiconductor substrate shown in drawin g 1, and explanation is omitted. The 



silicon wafer 1 1 of the state of drawing 1 (e) produced by the 1 st example of the above is shown in 
drawing 2 (a). When this silicon wafer 1 1 is heat-treated at the temperature of 1 100 ** for 4 hours in 
the atmosphere which contains a steam, for example, by this thermal oxidation. As shown in drawin g 2 
(b), the polished surface 12 and the grinding side 13a of the silicon wafer 1 1 oxidize by Fukashi who is 
about 0.44 micrometer, and the wet oxide film 1 8 about 1 micrometer thick is generated. 
[0024]Subsequently. the silicon wafer 1 1 is immersed into a 10% HF aqueous solution, and as shown in 
drawing 2 (c), the wet oxide film 18 is removed. Thereby, the crystal defect and pollutant which were 
produced in the grinding side 13a of the silicon wafer 11 with surface grinding are removable. Although 
the depth which such a defect and a pollutant produce changes with other particle size and grinding 
conditions of the grinding stone used for surface grinding, it is 1 micrometer or less in almost all cases. 
The direction of a pollutant exists in a shallower layer. 

Therefore, a pollutant is removed nearly thoroughly by generation and its removal of the wet oxide film 
18 by the thermal oxidation of the rear face 13 of the silicon wafer 11. Since a defect functions as a 
gettering center, it is not necessary to necessarily remove all. 

[0025]Next, the surface smoothness and crystal quality of the silicon wafer 11 which were acquired in 
the 1st and 2nd examples of the above were investigated. They are the resisting pressure defect density 
generated when voltage is impressed to the oxide film formed on OSF (oxidation induction stacking 
fault) density and the polished surface 1 2 as crystal quality evaluation criteria, and impurity 
concentration. OSF density gives defect information with the detailed surface. Resisting pressure defect 
density expresses withstand voltage degradation resulting from the surface geometrical unevenness and 
contamination by a defect, and gives a kind of defect information. The resisting pressure limit Judged 8 
or less MV/cm to be a defect. 

[0026]The atomic absorption analysis which used vapor phase cracking was applied to measurement of 
impurity concentration. The outline of this method is as follows. A silicon wafer is put to the steam of 
HNO3 (nitric acid) and HF (hydrogen fluoride). A wafer is thinly etched by HNO3 and HF liquefied on the 

surface. The impurity contained in this liquid is quantified with an atomic absorption method. Since 
purity improves by making HNO^ and HF into a steam and a silicon wafer is etched with a little liquid, 

there is the feature to which detection sensitivity becomes high. 

[0027]The observed impurity elements are Fe (iron) and Ca (calcium). Fe(s) are main impurities which 
degrade the characteristic of a semiconductor device. I thought that it was suitable as a sign of the 
pollutant by surface grinding since Ca is an ingredient mostly contained in the grinding stone used for 
surface grinding after C (carbon C), O (oxygen), and H (hydrogen). The above-mentioned results of an 
investigation are shown in Table 1 as compared with it about the conventional silicon wafer produced at 
the process of drawin g 9. 
[0028] 
[Table 1] 
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[0029]Here, it is shown that it cannot be measured since mirror polishing of * is not carried out. The 
case of surface smoothness of the 1st example is the best, and, in the case of the 2nd example that 
performed oxidation for a defect or impurity removal, and etching, it has deteriorated a little, but has a 
TTV value of 1 micrometer or less, and is improving remarkably compared with elegance conventionally 
so that clearly from this table 1. 

[0030]OSF density and resisting pressure defect density are values which are satisfactory practically, 
although the case of the 1st and 2nd examples is increasing from elegance conventionally. In the case of 
the 1st example, about impurity concentration, it is conventionally higher than elegance. However, as 
shown in the case of the 2nd example, it turns out that it will be removed simultaneously with defective 
removal. 

[0031]Next, the manufacturing method of the semiconductor substrate by the 3rd example of this 
invention is explained using process drawing shown in drawing 3. The same numerals are given to the 
same component as the semiconductor substrate shown in drawin g 1, and explanation is omitted, what 
is shown in drawin g 3 (a) at drawing 1 (a) — the same — the silicon wafer 1 1 with an average thickness 
[ with the polished surface 12 by which mirror polishing was carried out, and the rear face 13 ] of about 
655 micrometers is shown. In dry cleaning O2 (oxygen) atmosphere, this silicon wafer 1 1 is heat-treated 

for 15 minutes at the temperature of 1 100 **, and the silicon wafer 1 1 surface is oxidized thermally. Of 
this dry oxidation, the 50-nm-thick dry oxidation film 1 9 is formed all over including the polished surface 
1 2 and the rear face 1 3 of the silicon wafer 1 1 . 

[0032]Each gas mass flow using a CVD method Then, SiH^CSilang) =2.0 l/min, 62=1 .2 l/min, N2(nitrogen) 

=13.8 l/min, CVD oxide film 20 about 1 micrometer thick is grown up on the dry oxidation film 19 of the 
polished surface 1 2 of the silicon wafer 1 1 by the wafer temperature of 400 **, and the deposition 
conditions for assembly time 27 minutes. Thereby, as shown in drawin g 3 (b), the protective film which 
consists of the dry oxidation film 19 and CVD oxide film 20 is formed on the polished surface 12 of the 
silicon wafer 1 1. 

[0033]Subsequently. after sticking the polished surface 12 of the silicon wafer 11 covered with the dry 
oxidation film 19 and CVD oxide film 20 to the flat face of a surface plate like the process shown in 
above-mentioned drawing 1 (c) - (d). About 10 micrometers of rear faces 13 of the silicon wafer 1 1 are 
ground with the emery wheel stone whose particle size is No. 800, for example, and also about 5 
micrometers is ground with the emery wheel stone whose particle size is No. 2000. Flattening of the rear 
face 13 of the silicon wafer 1 1 is carried out, and the grinding side 13a is made to express with this 
surface grinding, as shown in drawin g 3 (c). 



[0034]Subsequently, after washing the silicon wafer 1 1 by the mixed water solution of NH^ OH and 

HgOg, an HF aqueous solution removes CVD oxide film 20 and the dry oxidation film 19 10%. In this way, 

as shown in drawing 3 (d). the silicon wafer 1 1 of the uniform thickness whose distance with the grinding 
side 1 3a by which surface grinding was carried out to the polished surface 1 2 by which mirror polishing 
was carried out is fixed can be obtained. 

[0035]In this example, having formed the dry oxidation film 19 in the polished surface 12 of the silicon 
wafer 11 by dry oxidation as a protective film, It is because the thing to which unevenness of the 
Si/SiOg interface formed of dry oxidation does not become large and which unevenness decreases 

especially according to the dry oxidation in the temperature of not less than 900 ** is known. Therefore, 
the unevenness in the polished surface 12 surface of the silicon wafer 11 after removing the dry 
oxidation film 1 9 becomes small. Even if the state of the interface of this dry oxidation film 1 9 and CVD 
oxide film 20 formed on this is not good, since both CVD oxide film 20 and the dry oxidation film 1 9 are 
removed eventually, it is satisfactory. 

[0036]Having constituted the protective film combining CVD oxide film 20 about 1 micrometer thick on 
the 50-nm-thick dry oxidation film 1 9 is based on the following reasons. In order to prevent generating 
of the defect at the time of sticking the polished surface 12 of the silicon wafer 11 to the flat face 16 of 
the surface plate 15, as the whole protective film, a thickness of about 1 micrometer is required, 
however, The oxidation rate of the wet oxidation and dry oxidation of drawin g 4. So that clearly from the 
shown graph (HelmutF.Wolf, International Series of Monographs on Semiconductors '. PergamionPress, 
p.549 reference). Since [ reached to an extreme of which ] it is small, in order for the oxide film 
formation speed of dry oxidation to obtain a thickness of 1 micrometer, even if it oxidizes at the 
temperature of 1200 **. it will take 1000 minutes. For this reason, it is not appropriate to form the 
whole protective film by dry oxidation in respect of cost. Therefore, we decided to secure thickness 
required as a protective film by combining CVD oxide film 20 with a large growth rate with this dry 
oxidation film 1 9. 

[0037]Next, the manufacturing method of the semiconductor substrate by the 4th example of this 
invention is explained using process drawing shown in drawin g 5, The same numerals are given to the 
same component as the semiconductor substrate shown in drawin g 3, and explanation is omitted, what 
is shown in drawing 5 (a) at drawing 3 (a) — the same — the silicon wafer 1 1 with an average thickness 
[ with the polished surface 12 by which mirror polishing was carried out, and the rear face 13 ] of about 
655 micrometers is shown. If this silicon wafer 1 1 is heat-treated for 250 minutes at the temperature of 
1100 ** in the atmosphere which contains a steam, for example, wet oxidation of the polished surface 
12 and the rear face 13 of the silicon wafer 11 will be carried out, and the wet oxide film 21 which is 
about 1 micrometer in thickness will be generated. Since it is quick, the oxidation rate at this time can 
obtain desired thickness comparatively also five to 10 times in a short time as compared with dry 
oxidation, so that clearly from the graph which shows the oxidation rate of the wet oxidation and dry 
oxidation of drawin g 4. 

[0038]Then, the silicon wafer 1 1 in which this wet oxide film 21 was formed is heat-treated for 25 
minutes at the temperature of 1000 in dry cleaning atmosphere. Of this dry oxidation, the 40-nm- 

thick dry oxidation film 22 is formed in the interface of the silicon wafer 1 1 and the wet oxide film 21. 
Thereby, as shown in drawin g 5 (b). the protective film which consists of the dry oxidation film 22 and 
the wet oxide film 21 is formed on the polished surface 12 of the silicon wafer 1 1. 
[0039]Subsequently, by carrying out surface grinding of the rear face 13 of the silicon wafer 11, after 
sticking the polished surface 12 of the silicon wafer 1 1 covered with the dry oxidation film 22 and the 
wet oxide film 21 to the flat face of a surface plate. Flattening of the rear face 13 of the silicon wafer 1 1 
is carried out, and the grinding side 1 3a is made to express, as shown in dra win g 5 (c). Subsequently, 
after washing the silicon wafer 1 1 by the mixed water solution of NH^ OH and H2O2, an HF aqueous 

solution removes the wet oxide film 21 and the dry oxidation film 22 10%. In this way, as shown in 
drawin g 5 (d). the silicon wafer 1 1 of the uniform thickness whose distance with the rear face 1 3 by 
which surface grinding was carried out to the polished surface 12 by which mirror polishing was carried 
out is fixed can be obtained. 

[0040]In this example, having constituted the protective film combining the dry oxidation film 22 and the 
wet oxide film 21 is based on the following reasons. By carrying out dry oxidation continuously, after 
forming the wet oxide film 21 by the wet oxidation of the silicon wafer 1 1, As shown in the mimetic 



diagram showing change of the Si/SiOg interface of drawing 6 (a) and (b). unevenness is formed in the 

Si/SiOg interface of the silicon wafer 1 1 and the wet oxide film 21 which are formed of the first wet 

oxidation, but. Then, since the dry oxidation film 22 is formed between the silicon wafer 1 1 and the wet 
oxide film 21 of the performed dry oxidation and the Si/SiOg interface of the silicon wafer 11 and the 

dry oxidation film 22 is formed of it, unevenness of a Si/Si02 interface decreases. 

[0041 ]The experiment showed that the amplitude of unevenness of the Si/SiOg interface produced by 

wet oxidation was only 5 nm. Therefore, if the dry oxidation film of the thickness of this amplitude 10 
times close to is formed, it will be thought that the unevenness produced by wet oxidation decreases 
substantially. Therefore, we decided to form the 40-nm-thick dry oxidation film 22 in this example. 
[0042]If the oxidizing temperature of dry oxidation is raised, it is known that unevenness of a Si/SiOg 

interface will decrease. Therefore, the Si/Si02 interface whose unevenness is still smaller can be 

acquired by making oxidizing temperature of dry oxidation into an elevated temperature further from 
1000 **. In this way, in this example, unevenness in the polished surface 12 surface of the silicon wafer 
1 1 after removing the wet oxide film 21 and the dry oxidation film 22 can be similarly made small like the 
3rd example of the above. 

[0043]Next, the influence which it has on the characteristic of the semiconductor device which the 
unevenness in the polished surface 12 of the silicon wafer 11 forms in the polished surface 12 was 
investigated. On the polished surface 12 of the silicon wafer 11 obtained in the 1st and 4th examples of 
the above, the oxide film of predetermined thickness was formed, this oxide film pressure-proofing was 
measured, and. specifically, both were compared. The result is shown in d rawin g 7. 
[0044]In the case of the 1 st example [ polished surface / 1 2 / of the silicon wafer 1 1 ] using the wet 
oxide film 14 as a wrap protective film so that clearly from the graph of this drawin g 7, Dry oxidation is 
performed to resisting pressure destruction of an B mode having arisen following wet oxidation. In the 
case of the 2nd example that formed the protective film combining the dry oxidation film 22 and the wet 
oxide film 21 on the polished surface 12 of the silicon wafer 1 1, the density of the pressure resistance 
of an B mode is decreasing remarkably, and is concentrating on intrinsic destruction by high electric 
field intensity. The improvement in the oxide film resisting pressure characteristic in the case of such 
2nd example originates in reduction of unevenness of the polished surface 12 surface of the silicon 
wafer 1 1 . 

[0045]Next. the manufacturing method of the semiconductor substrate by the 5th example of this 
invention is explained using process drawing shown in drawin g 8. The same numerals are given to the 
same component as the semiconductor substrate shown in drawing 1 or drawin g 2, and explanation is 
omitted. As shown in drawing 8 (a), the silicon wafer 1 1 produced by the 1st or 2nd example is prepared 
as a supporting board, and the silicon wafer 31 produced by the conventional process shown in drawin g 
9_is prepared. The silicon wafer 11 has the uniform thickness whose distance with the grinding side 13a 
by which surface grinding was carried out to the polished surface 12 by which mirror polishing was 
carried out is fixed, the another side silicon wafer 31 has the polished surface 32 and the rear face 33 
by which mirror polishing was carried out, and the thickness has heterogeneity. 

[0046]And as shown in drawing 8 (b), the polished surface 32 of the silicon wafer 31 which carried out 
mirror polishing as well as the polished surface 12 of the silicon wafer 1 1 which carried out mirror 
polishing is piled up as it faces mutually. At this time, the insulator layer is beforehand formed in either 
or the both sides on the polished surface 1 2 of the silicon wafer 1 1 , and the polished surface 32 of the 
silicon wafer 31. 

[0047]The case where the wet oxide film 34 about 1 micrometer thick is formed all over the silicon 
wafer 31 is shown in drawin g 8 (a) as this insulator layer. In the atmosphere which contains a steam, for 
example, the silicon wafer 31 is heat-treated at the temperature of 1 100 ** for 4 hours, and formation 
of this wet oxide film 34 is performed by oxidizing that surface thermally. Therefore, the wet oxide film 
34 is generated in this case all over including the polished surface 32 and the rear face 33 of the silicon 
wafer 31. An insulator layer may be formed using a well-known CVD method by growing up a CVD oxide 
film on the polished surface 12 of the silicon wafer 1 1, or the polished surface 32 of the silicon wafer 31 
instead of using a thermal oxidation method. 

[0048]Since the heterogeneity of thickness is among the silicon wafers 31 produced by the process of 
draw[ng_9, as shown in drawin g 8 (b). non-surface smoothness has appeared in the rear face 33 of the 



silicon wafer 31 in the state where it was piled up with the silicon wafer 1 1 via the wet oxide filnn 34, 
but. Since it grinds behind, it is satisfactory. Mirror polishing of the surface may be carried out for the 
substrate which consists of insulating materials, such as silica glass, like the 1st example instead of the 
silicon wafer 1 1 as a supporting board, surface grinding of the rear face may be carried out, it may be 
used, and formation of an insulator layer may be omitted in this case. 

[0049]Thus. the silicon wafer 11 and the silicon wafer 31 which were mutually piled up via the wet oxide 
film 34 are firmly joined by heat-treating for 30 minutes at the temperature of 1000 **. for example in a 
nitrogen atmosphere. Subsequently, after sticking the rear face 13 of the silicon wafer 1 1 to the flat 
face of a surface plate and fixing like the process shown in drawing 1 (c), with an emery wheel stone, 
surface grinding of the rear face 33 of the silicon wafer 31 is carried out, and lamination is carried out to 
about 3 micrometers. Thereby, the silicon wafer 31 serves as the silicon layer 31a about 3 micrometers 
thick, and the grinding side 33a is expressed. Drawin g 8 (c) shows the state just behind this. After 
grinding it about 600 micrometers with the emery wheel stone whose particle size is No. 500, for 
example, if about 20 micrometers of this surface grinding is ground with the emery wheel stone whose 
particle size is No. 2000, it is efficient. 

[0050]Thus, to the grinding side 33a which the silicon layer 31a by which lamination was carried out 
exposed, as shown in drawing 8 (d). mirror finish is given by usual chemical and opportunity polish. The 
last thickness at this time is 2 micrometers. Thereby, the grinding side 33a of the silicon layer 31a turns 
into the polished surface 33b to which mirror finish was given. The grinding side 1 3a of the silicon wafer 
1 1 is ground or etched, and a crystal defect is removed. 

[0051]Thus, the semiconductor substrate of the SOI structure by which the 2-micrometer-thick silicon 
layer 31a was formed via the wet oxide film 34 about 1 micrometer thick on the silicon wafer 1 1 as a 
supporting board, i.e., a SOI substrate, is completed. TTV of the polished surface in this SOI substrate 
can obtain the homogeneity of a remarkable flat face, i.e., thickness, although it is 1.0**0.2 micrometers 
and TTV of the SOI substrate of the conventional lamination structure is 2.1**1.0 micrometers. 
[0052] 

[Effect of the Invention]As mentioned above, according to this invention, since surface grinding of the 
rear face is carried out after carrying out mirroi^polishing finishing of the surface which forms a 
semiconductor device, monotonous surface smoothness can be raised remarkably and TTV can be made 
small. The problem which a defect may generate in a polished surface by contact with a surface plate 
etc. at the time of surface grinding is prevented by covering the polished surface by the protective film 
beforehand. Unevenness in the surface of the polished surface which removes and expresses a 
protective film can be made small by forming a dry oxidation film in contact with a polished surface, and 
forming a protective film combining this dry oxidation film, a vapor-phase-epitaxy oxide film, or a wet 
oxide film. The crystal defect and contamination which are generated at the rear face with surface 
grinding are removed even to the level which is convenient practically by the thermal oxidation of the 
rear face, and etching of an oxidizing film. 

[0053]As a result, there is an effect applicable to manufacture of future high density and highly efficient 
integrated circuit that it can be single or the semiconductor substrate of SOI structure can be provided. 
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